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Workshop Overview -'E,!:

Office of the Chief Engineer

 Workshop Goal & Objectives

» Characteristics of the Existing NASA Lessons Learned System
» QOverview of the Requirements of NPR 7120.6

* NPR 7120.5C Requirements Related to Lessons Learned

» Definition of the Existing Center Lessons Learned Process

« Alignment of the Center Lessons Learned Process with 7120.6

e Other Discussion Topics
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. SJPL
Workshop Goal & Objectives =

 Workshop Goal

— To achieve compliance with the newly released NPR 7120.6, and
establish an effective lessons learned process at each NASA Center

* An “Effective” Process: One that solicits, documents, and infuses lessons
learned throughout the Center and NASA in a manner that will lead projects
away from critical errors, or toward critical project success factors, encountered
by their predecessors

 Workshop Objectives
— Gain an understanding of the Center’s existing lesson learned process

— ldentify NASA and Center-specific issues related to the existing lessons
learned process that may hinder or aid effective implementation of NPR
7120.6

— ldentify Center and NASA process improvements needed for NPR
compliance

— (Also identify effective lessons learned practices demonstrated at this
Center that may be communicated to other Centers at subsequent

workshops)
Rev. 4/12/05 3



The Existing NASA LL System  =s

Office of the Chief Engineer

« NASA Centers have contributed 1500 lessons learned to the LLIS

» Lack of consistent Center lessons learned processes (and results)

* Objectives of issuing NPR 7120.6
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Overview of NPR 7120.6 e

Office of the Chief Engineer

* Overview of the NPR 7120.6 requirements pertinent to the Center
lessons learned process.

— Why do we need a NASA lessons learned process?
* NPR, Sec. 1.4, NASA Lessons Learned Organizational Requirements,
includes the following paragraphs
— NASA Headquarters, Office of the Chief Engineer (OCE)
— Lessons Learned Steering Committee (LLSC)
— Lessons Learned Committees (LLC)
— Center Data Manager (CDM)
— Headquarters Data Manager (HDM)
— Lessons Learned Curator

* NPR, Appendix A, includes the following paragraphs
— Collection and Processing
— Infusion
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NPR 7120.5C and the LL Process M.lpml;

Office of the Chief Engineer

« Lessons learned content of NPR: 7120.5C, NASA Program and Project
Management Processes and Requirements (March 22, 2005)

— Ch 1, Overview of the NASA Environment; Para. 1.2, NASA's Strategic
Framework. “NASA does the following: ... f. Continually learns and implements
valuable lessons from previous programs and projects.”

— Ch 2, Program Mgmt. Regs.; Para. 2.2, Program Formulation; 2.2.2.a, Prepare a
Program Plan. “(3) The Program Manager shall evaluate lessons learned from
existing and previously executed programs and projects to identify applicable
lessons for use in program planning and execution.”

— Ch 3, Common Project Mgmt. Regs.; Para. 3.2, Project Formulation; 3.2.1.2.a,
Prepare the Project Plan. “(5) The Project Manager shall evaluate lessons learned
from existing and previously executed projects to identify applicable lessons for use
in project planning and execution.”

— Para. 3.4, Project Implementation; 3.4.8, Capture Knowledge. “3.4.8.1, Purpose:
The intent of this activity is to accrue knowledge in an organized fashion to improve
the performance, and reduce the cost and risk of future programs and projects, and
to adhere to Federal and NASA requirements for records management and
retention. Lessons learned are disseminated by the OCE and reflected in
modifications to NASA training and technical standards and practices.”

Rev. 4/12/05 6



NPR 7120.5C (Continued) el

Office of the Chief Engineer

 Lessons learned content of NPR: 7120.5C (Continued)

— Para. 3.4, Project Implementation; 3.4.8, Capture Knowledge. “3.4.8.2,
Requirements: The Project Manager and the project team shall:

“3.4.8.2.b: Provide the OCE with inputs to the Lessons Learned Information System
in the form of captured experiences and lessons learned by the project team
throughout the project lifecycle, for example, at major milestones.”

— Ch 6, Flight Systems & Ground Support Projects; 6.2, Project Formulation.
6.2.1, Project Planning Requirements: The Project Manager and the project team
shall:

“6.2.1.9: Assure that the project team seeks to learn and apply relevant lessons
from successful flight systems and ground support projects, mission anomalies and
mishaps.”
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. JPL
The Existing Center LL Process e,

Office of the Chief Engineer

» Workshop participants assist in defining the present Center lessons
learned process flow
« Characterize the existing Center process, e.g.
— How is lesson acquisition planned?
— How are lesson candidates validated?
— How is lesson generation coordinated and managed?
— How are lesson drafts edited, reviewed, and approved?
— Is the lesson approval process sufficiently rigorous to prevent backlash?

— How are products disseminated throughout the Center? How do you judge
their impact?

— How do lesson recommendations engage the Center’s closed-loop
corrective action process?

— How are lesson recommendations infused into procedures and training.

* Discuss the strengths and deficiencies of the Center’s process
— Solicit possible improvements. Discuss solutions offered by other centers.
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Session Break :'Ew!:

Office of the Chief Engineer

e 15-minute session break

« After the break, the remainder of the workshop will discuss process
enhancements that may improve the Center’s lessons learned
process and bring it into closer alignment with the requirements of
7120.6.

Discussion will include methods that have proven successful at other
centers
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i NASA Center Alignment with 7120.6 e

Office of the Chief Engineer

« NPR 7120.6, Para. Al refers to a range of activities constituting an
effective lessons learned process, depicted in a process flowchart
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i NASA Center Alignment (Continued) el

Office of the Chief Engineer

« Para. A.1.1, Collection and Processing, refers to the central role of the
Lessons Learned Committee (LLC) in the lessons learned process.

® Y RULES _ADD TO MY RULES _SEARGH. ) _CONIACTUS _FELP _gTdoin

J Oberhettinger

DOCUMENT DETAILS | SEND COMMENTS | INCLUDE TABLE OF CONTENTS | NOTIFY ME

Lessons Learned Requirements (D-15553), Rev. 3
OFFICIAL Effe ctive: Nov 27, 2001 Dol 35531
Standard

Document Owner: Dudley Killam

The engineering and operation of extremely complex systems is naturally prone ta error. Mo single person can maintain cognizance over the design of all spacecraft systems, nor over all
inherited components, materials, and processes from prior programs. The potential for errors in engineering judgement presents an sspecially high level of mission nisk when applied to
planetary spaceflight, with its very limited opportunities for corrective maintenance. JPL succeeds in deploying reliable systems through robust design;, however, the arganization is
heavily dependeant on its experience base to identify necessary design margins and resolve latent defects. The JPL lessons learmed process provides a method of assuring project
access to this experience base

JPL example:

process

description Hppllgabiliy

p u b| iS h ed as This applies to all JPL project and program offices and personnel responsible for development of flight hardware and software

a mandato ry Purpose and Scope

J PL Stan d ard A lessons learmned process has been established by JPL to provide a formal record of lessons learmned. The objective is to advance JPL missions by exposing personnel to significant

events from which important "lessons” can be drawn which have applicability beyond the original event. Although these lessons may be incorporated into JPL and MASA standards, they
are retained and widely circulated the NASA-wide Lessons Leamed Information System (LLIS).

The scope of this effart is limited to documenting events arising out of, or related to, the implementation and operation of flight and related support equipment. To this end, the LLIS is
designed to use established problemifailure and discrepancy reporting systems to identify and document lessons. Events are evaluated for their suitability as lessons based on the

1. Significance in terms of actual or patential project impact, including effects on project success, cost, schedule, safety, public visibility, or management visibility.
2. Importance to future JPL activities. This may include events of non-JPL origin, and
3. Lack of prior coverage of the event or underlying issue(s) in previously approved lessons or other closed loop alert processes

In response ta calls for JPL to innavate at an increased pace and to better quantify levels of mission risk, the organization has renewed its commitment to maintaining and augmenting its
corporate knowledge base. The LLIS is an important element of this knowledge base—- a searchable collection of discrete lessons judged applicable to current and future NASA
missions. Prior to implementation of this system, information on critical success factors was communicated informally on a hit or miss basis. The identification, documentation,
dissemination, and use of this information provides a valuable risk management tool. Approved lessons learned also pravide inputs to the JPL corractive action system, assuring closed-
loop resolution of JPL-wide problems

JPL has established the fallowing pracess, as outined in Figure 1, for ensuring that critical lessons, once learned by the organization, do not have to be relearned.

Rt 327082000
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Y NASA Center Alignment (Continued) MJEMIE

Office of the Chief Engineer

o Para. A.1.1 further states, “The LLC procedures should include:

— (@) Actively soliciting lessons learned material...”
° Active VS. passive modes Of LLC Outreach B PFR-Pre 778893 CLOSED: LESSONS L EARNED - Message (Plain Text) [ (8%

i File Edt Wiew Insett  Format  Tools  Actions  Help

22 PFR Form - Data Entry - Microsoft Internet Explorer [ Reply | __-%\ Reply ko Al | i, Farward =1 | ¥ | ._<}

B X| e -9 -0 @

File Edit Wiew Favorites Tools Help
- : . From: PFO Center [Pfocenter@ipl.nasa.gov] Sent:  Fri 1/31/2003 3:05 PM
\ ) ] " 3 - = 2
OBack T & \ﬂ IEL‘ gl | - search S Favorites 6-“ ™ ﬁ 9 'A“ To: David. J.Oberhettinger@jpl. nasa.gov
Co: James.F.Clawson@ijpl.nasa.gov; Carol.L.Dumain@ijpl.nasa.gav;
Address @j https:}/problemreparting.jpl. nasa, gov/cgi-wingYB2FPDDE EXE? T\ PFOCPRODYPROJIECTS\WEBALL\ALL_PYE.INI~pl b E’ G0 Links [Z5) Frequenthy Dudley. B Kilam@jpl.nasa, gow

Google - w| @searchweb - §h Eoblocked e options Subject:

ocument: 278393 was Closed on 01/31/2003 and is designated for lessong

CORRECTIVE ACTION arned consideration.
Comective Action Taken Rex t i Problem Reporting System (UPRs
Project: MER
Title: TIRS Motor Test Heater Failures During Cruise 1 STT
Tier 0 THRM - Thermal
Disposition of Subsystem or Assembly Effe ctivity Wr-il;lteerrﬂl.fly-' ?ggYh&T;FrgEétN:e_?ters
M O All Units O This Unit ¢ Assigned To: Tsuyuki, Glenn T
[ EERIT ][ e ANCES ] Description: (Max 10 lines)

Upon the Cruise 1 STT post-test inspection of the TIRS assembly, all the test
CODES & RATINGS heaters on each of the inert, non-flight TIRS motors were found to have burned

essons Learned Candidate Alert Concern Mission Critical Failure thmth the Kapton insulation and the surrounding _ﬂight thermal blanket. The
oY @ oY ON oY @N etched foil heating element was left exposed, and in the case of the +¥ TIRS
assembly, the elerment protruded out fram the hole burnt in the thermal blanket.
Personnel Safety O ON Hardware Safety © ON Safety Status S5 has not revie
See PFR See ISA Eailure Effect Ratind: Yerification and Analysis: (Max 15 lines)
ECR No. Waiver No. Failure Cause/ See attachment, specifically sections entithed: "Descripte of TIRS Motar
3 Corrective Action Rating: Test Heater," "Power Loads Placed on Heaters during Test," "F * Test
See Dther Inspection," and "Discussion of Results."
Checking the Lessons Learned Candidate box on the PRACA form Corrective Action: {Max 10 lines)
(circled on the left) generates an automatic e-mail notification (on right). In terms of preventing this accurence in the future (e.g.. CSAS STT in Jant ry

2003), institute test safeguards such as explicitly current limiting all power
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il NASA Center Alignment (Continued)

SPL

Jet Propulsion Laboratory
California Institute of Technology

Office of the Chief E

ineer

— (b) Reviewing significant events... for their candidacy as lessons learned

JPL
spreadsheet
documenting
review of
PRACA-
originated
candidates

JPL reviews and prioritize candidate lessons based on their applicability to
current and future projects
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the test hesters on each of the inen, See attachment, speciically secbions In term= of preventing this occurence in the future
nor-fight TIRS motors were found to PnI';III'P\d p f-.rnln:mn nf-TIR{;Mnrnr ? (e.g., CSAS STT in January 2003), instibute test
L Touyuli have burned through the Kapton Test! iPar;lr * "Poweer Loads Placed 2 quards such as e iy cusrrent lierating all
,___c{g}‘ ez 1602003 MER c nsulation and the surrounding flight Eaatar CI wing Tes ot T power supplies for test instrumentation For low es
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thermsl biankets. These biankets wall be
refabncated and renstalied pror to fght, The TIRS
Motars were et units £0 the motors and their
associated thermal hardware are non-flight The
L5 | ght heater ks were unaffected
Durng MER 2 surface thermal testing  After the rover is taken out of the a lezson leamed candidate; Lesson # 00
the left and right side rocker-differential chamber we will need to venty that enerally covers the Sesign iSsug of margin:
microswiches changed state rom  the latches are still fully engaged mecroswatch actuation. (0. Oberhettinger B-7-
“closed” to "open” dunng the boge (likely since vehicle is stable and has
deploy portion of the test (NEEDI TO nat collapsed) and that it is just a 03m52003
VERIFY TIMING RELATIVE TO microswitch posmoning problem, The nght and left MER2 RDA microswitches were
WHEEL MOTION) led B2003 foliovang AIDS 730308
See also PFR Z78233, rocker-diff both found to have essentially zero
The full order of events was as follows: |atch microswitch failure during sitch mnargin. Both were adjusted to product
Rover lifted, rockers deployed, rover  mokity testing 3 003" microswitch margin
lowered (rocker-differential
microswilches changed state fram The MERZ rover went through a second STT from
OPFEN o CLOSED, a5 they arg 03M52003 Feb 5B, 2003 There were no anomalous ROA
SUPPOSE ng lowenng), the it The right and left MER2 RDA microswitch readings during that
LTBE3) 12180002 IR MER  Sewlla, D and rocker.diff microgwitch tests I

JPL LLC formally reviews PRACA reports designated as lessons learned candidates, and documents its findings.

Rev. 4/12/05
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NASA Center Alignment (Continued) MJEMIE

Office of the Chief Engineer

— (c) Validating lessons learned with subject matter experts, if required

JPL LESSONS LEARNED CONMNDNMIITTEE JPL LLC ma!ntalns a
Lesson Learned Candidate List lesson candidate/
4/5/05 status list
Event *Rank Point of Contact Notes / Status
7]
1. If a Command References an Incorrect Tim Larson Tim Larson reports {@/5/05 D K. e-mail[A1]) a lesson learned for other projects
Transaction Request File (TRF) Name, the using CFDP for uplinks—ensure that all the ground tools and testbeds enable

Command Will Be Ignored checking of these CFDP unique files. {Tim Larson|to report at LLC meeting )

=
2. MER pixel corruption D | PFRET77062 42 The LLC approved this as a candidate in its revievrst PFR Matrix. D.O.
P P F I ] Comment: a CAN assigned to Div 800 may be more appropriate than an LL, as
thisis a very detailed camera designissue.

LL Candidacy Reviewer:

M. Schwoghalt 414105 LLC Mty deferred this topic to a PAN, with action item assigned to J.
kKrueger
3. Deep Impact High Resolution Instrument P | PFR 285620 This candidate is deferred until a failure investigation is completed
focus (placeholder)
4. Beagle 2 Commission of Inquiry: 9 | Lincoln Wood. Wyatt | it spacedaily com/mewsibeagle2-04g.html
Recgmmendation 16 Ay Johnson. Joe ,Gu?rl'ln "A back-up for the entry detection event (TO} must be included in the design of

planetary entry probes.”

Whatt Johnson e-mail of 11/22/04: The MSL (Phase A) current chute deploy
method is a g-trigger, with an IMU-navigated wvelocity trigger as a back-up.
David O This may represent a candidate for a positive LL. Aron Wolf concurs,
but opines that this should not be linked to Beagle 2.

314 LLC mtg: Thisissue is closely related to the "negative” LL on the Genesis
mission failure, and hence should await issuance of the Genesis MIB report.

*Rank: 1-9 Priority (9 being the highest priority), P=Pending, D=Deferred Completed or invalidated candidates are moved to the Retired Candidate List.

JPL LLC tracks the status of lessons learned candidates from all sources and assigns a priority to each.
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--fﬁl;ng NASA Center Alignment (Continued) :'EM!:

Office of the Chief Engineer

— (d) Evaluating lessons learned submissions and developing a final lessons
learned draft that includes actionable recommendations

— (e) Other procedural steps to ensure a quality product

 What methods has the Center found successful in obtaining timely
draft lessons?

— Who writes them: topic originator, single author/editor, a partnership?
— Who reviews them, and how are conflicts resolved?

 What type of recommendations are appropriate and useful?

— EXERCISE: Participants to review set of recommendations from a MIB
report and discuss which would make good lessons learned-- and why.
(Schedule for one hour into workshop?)
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g NASA Center Alignment (Continued)

Jet Propulsion Laboratory

Para. A.1.2, Infusion Process, states that “A lessons learned
infusion process is required to ‘close-the-loop’ on actionable

lessons learned recommendations at the Center and HQ levels.”

i
[

JPL tracks the status of each recommendation
(which may be assigned to multiple JPL processes)

mn

307 | Anomalous
Commanc

Counter Readings

307 | Anomalous
AMPTEICCD Command
Courter Readings

308 | Solder Balls in Flight
Madules

310 Mars Obzerver Inertial
Reference Loss

310 Mars Obzerver Inertial
Reference Loss

310 Mars Observer Inertial
Reference Loss

310 Mars Obzerver Inertial
Reference Loss

311 5TS-56 High Rate Data
Channel Failure Impact
to ATMOS Experiment

311 | 5TS-56 High Rate Data
Channel Failure Impact
to ATMOS Experiment
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Five times during one maonth the "Unexecuted Command Counter” value was anomalous. Possible causes included incorrect
incrementing of the counter, incrementing due to noige, or commands tha1 were rejected due to incorrect bit patterns. The
telemetry formats should be desi g all p 1 b, that may require time-tagged data.

Five times during one maonth the "Unexecuted Command Counter” value was anomalous. Possible causes included incorrect
incrementing of the counter, incrementing due to noise, or commands that were rejected due to incorrect bit patterns. The
telemetry formats should be designed g all ial b that may require time-tagged data.

Because a design change had been made to the proven Mariner design, the Yiking orbiter flight radio modules developed short
circuits caused by solder balls shorting termingl lugs to ground. Before making design changes, related applications
should be reviewed for known problems with this solder ball effect. Evaluate each design to determine whether
solder ¢an flow into uninspectable areas.

Mars Observer experienced inertisl reference loss on several occasions during s cruise to Mars. These incidents were due to
the lack of & detailed code walk-through, and to use of gyro noise values, obtained from in-house test, that were more optimistic
than the manufacturer's specifications. 2. Perform detailed code walk-through of critical software modules, and
particularly of flight software patches.

Mars Observer experienced inertisl reference loss on several occasions during s cruise to Mars. These incidents were due to
the lack of a detailed code walk-through, and to use of gyro noise values, obtained from in-house test, that were more optimistic
than the manufacturer's specifications. 3. Special attention should be paid to flight critical software performance that
is inherited from previous applications. Prior anomalies must be addressed.

Mars Observer experienced inertial reference loss on several occasions during its cruise to Mars. These incidents were due to
the lack of & detailed code walk-through, and to use of gyro noise values, obtained from in-house test, that were more optimistic
than the manufacturer's specifications . 4. Allow sufficient flexibility in the flight computer and software to permit
necessary changes in flight.

Mars Observer experienced inertisl reference loss on several occasions during s cruise to Mars. These incidents were due to
the lack of a detailed code walk-through, and to use of gyro noise values, obtained from in-house test, that were more otimistic
than the manufacturer's specifications. 1. Do not depend on hardware performance being better than the
manufacturer's specification.

The high rate dsta channel for ATMOS failed. Mo complete end-to-end test had been performed either prior to or after the flight.
1. End-to-end tests must be performed.

The high rate data channel for ATMOS failed. Mo complete end-to-end test had been performed either prior to or after the flight.
2. Ensure that end-to-end tests to determine failure modes are performed prior to the disassembly of the

payload.

A B [ ¢ [oD E F [~
~ ~ ~
w3 £S5
= Lesson Learned % g g % Disposition of LL Recommendation
= Title B 5= Lesson Learned Summary & Recormmendations Related to Process
1 1) (e =[] G

Completed, Al DPS procedures must be required to conduct revieyvs of product desion: see

steps 3.8, 4.8, 5.8 and 6.3 in the Design Product Systems: Flight Subsystems Instrument Design- Doc
ID 57396,

-M. Jahan (file: LL for DPS OPS Dispostion-051304 k=), S804
Transferred. &Add [also] to Software LL list.

-M. Jahan (file: LL for DPS OPS Disposition-051304.x1s), 5H1 504

Completed. Covered by D-1348 Sect 311@28 48321
-C. Kingery, 6/903

Completed, D-23713 (Para 33.4), Rev. 4 has been amenced to state, "4 detailed code walk-

through should be performed on post-launch changes (or patches) to critical flight software

modules "
-per J. Hackney - 8726003

Completed, D-23713 (Para 4 2.4), Rev. 4 has been amencded to state, "Reviewws of inherited cods
=hould address any known liens or defects as well as proper functionslity "
-per J. Hackney - /26/03

Planned. Mevy - Add to SDP (reinstate old SW Dev Prin)

Planned. Mevy adcition will be made to Design Principle (S0P)

Completed. Fuly infused by Doc ID 31432 (Assembiy Test and Launch Operations (ATL0), Rew
3),32.1(6), Doc D 31335 ( System Test and Launch Operations (STLO) Guide Executive
Surmary, Rev. 21, I¥.Cd & IV.C 1, Doc D 35506 (Anormaly Resolution (C-8091), Rev. 3), 3.3.7,
Doc ID 46792 (System Test and Launch Operabions (STLO), Rev 0), 4342,

-5, Barry Spreadsheet (ITMS_Lessons learned xls), 5/28/04

Completed. Fuly infused by Doc ID 31432 (Assembly Test and Launch Operations (ATL0), Rew.
3),32.1(6), Doc D 31335 ( System Test and Launch Operations (STLO) Guide Executive
Surmary, Rev. 21, I.Cd & IV.C 1, Doc D 35506 (Anomaly Resolution (C-8091), Rev. 3), 3.3.7,
Doc ID 46792 (System Test and Launch Operabions (STLO), Rev 0), 4342,

-5, Batry Spreadsheet (ITMS_Lessons learned xis), 5/28/04

Track the status of lessons learned infusion into Center-wide processes (procedures and training).

Rev. 4/12/05
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Other Discussion Topics :'Ew!:

Office of the Chief Engineer

e Attendee Feedback. Suggestions for improving subsequent NASA
center workshops are solicited.

e Lessons Learned Technology Enhancements. How do we get more
clever about telling our stories?

e Evaluating Success. Are the present measures of NASA lessons
learned process success adequate? Are there better metrics for
evaluating our performance? How is lessons learned performance
evaluated by other enterprises?

Rev. 4/12/05 17
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